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ABSTRACT 


The ability of an airborne direction finding (DF) system 
be accurately £f1x target emitters depends heavily on the 
aircraft/target geometry and the duration of target emis- 
sions. Based on this, a computer model was developed to aid 
in the study of the effects of system parameters on fixing 
euGcess and to help im constructing a procedure for finding 
Optimum search patterns. 

The dévelopiteme ot the computer model is traced from its 
foundation in current technology to its evolution into an 
interactive computer graphics system. With the computer model 
Seudics weré Made of the G€ifect of one, two and three aircraft 
on fixing success. Also, simulation of DF missions using two 
aircraft were used to study the effects of target signal 
duration and target position on fixing success. As a result 
of the study a procedure using interactive graphics was 
developed to find optimum or near optimum patterns of flight 


iene Various airborne DF missions. E 
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T. -TNERODUCTIGN 


The purpose of airborne direction finding (DF) is the 
acquisition and location of sources of electromagnetic (EM) 
midration. Acquisition encompasses the detection and monitor - 
mee of a target radiator. Woeati#en involves the executvon of 
several good quality cuts on a target and the successful 
Meewction of those cuts to a®™target location. 

Many computer models have been designed to make this 
Mmeorne acquisita#onwand loe@ation moreweffective. w Typically 
mer direction of arrival (DOA) interferometer systems, most 
models dwell on the analysis of the "cuts" or lines of bear- 
mie (LOB's) taken by the airc@eft. This type of analysis is 
a follow on to the fixed site DF models, where system error 
meLOB's was minimized by statistical analysis. Unlike 
fixed sites, mtint'er., airborne DF has the added advantage of 
Memality to improve its effectiveness in locating targets. 
Seecapitalize on this mebility a computer model was formu- 
lated which would help find optimum flight patterns for 
airborne DF missions, using one, two or three aircraft. 

Optimizing the manner invwhich aircratt aresdeployved 
against a target provides the greatest opportunity for 
improvement of success in target acquisition and location. 
Ultimately in any DF system the ability to locate a target 
@epends on the data produced for input to the statistical 


reduction programs. It would scem most reasonable then that 





an investigation of the interaction of flight and tamer 
parameters with acquisition and location success would be 
productive. 

The- target -aequisitionsand™ location program 1semedeimled 
around present airborne DF technology and the environment in 
mech 1t would most likely operate. Targets are treated as 
either known or unknown. Known targets are flown against 
memeche best DF cuts, and unknown targets are searched for 
methodically to give the highest probability of acquisition. 
Aircraft can be flown against both known and unknown targets 
Simultaneously, but as Chapter IV discusses, a compromise 
must be accepted since they are somewhat in opposition to 
One another. 

The investigation, at times, focuses on the effectiveness 
of airborne DF against three types of emitters classified as 
repetitive pulse, short duration and long duration emitters. 
A typical scenerio involves two aircraft flying along a 200 
Mile track about 30 miles from territorial pone. Api 
mary target exists’beyond the border with a two minute 
on-time per aperiodic transmission. Besides the primary 
Marpet a secondary search role is given the DF aircraft for 
Mew targets in the 150 by 200 mile area surrounding the pri- 
mery target. 

The computer-graphics model is programmed to permit an 
analyst to rapidly weigh the advantages or disadvantages of 
“eererent Sets of Flight parameters in thas Sscenenrio. ws iie 


variation of scenerios is limited only by the bounds of the 





nodel programming, which was written to allow for wide appli- 
Cation. The next chapter discusses the development of the 
model and the factors affecting it. 

Mmchap teri eresprocramming of thesmode!] amd 1tsaine- 
Emanical operation are discussed along with some of the 
algorithms describing the model. The results of the work 
completed with the program follow in Chapter IV, with con- 


e#usions following in Chapter V. 





11 oo DESIGNSOE TEE SCONCEPTUAGSMODEL 


A. CURRENT AIRBORNE DF 

Preliminary work was done investigating the current 
Prends in airborne DF and the possible courses DF might 
follow in the near future. It was found that new DF airborne 
systems possessed considerable sophistication beyond that of 
Vietnam conflict vintage systems. Aircraft were being selec- 
ted that could fly above 20,000 feet and in excess of 200 
mmi/hr. It is judged that technology in this field would also 
swipe rt aircraft flying above 60,000 feet and flying in 
exeess of 300 nm/hr. Aircraft of the capabilities listed 
eould easily carry the DOA interferometer, frequency scanning 
mecelvers, and navigation equipment necessary to support a DF 
mission. It is conceivable that other sensors could be 
meruided to supplement the DF package. The operation of the 
System would most likely be remoted to save on onboard weight 
and allow control and mission Beadameteion to be exXermcised at 
mea@astant location. For example, using a four-thirds earth 
model (discussed in Section C) it can be shown that remoting 
emeVHF is possible under ideai conditions at a distance of 
Memenautical miles for an aircraft at 5,000 feet or to a dis- 
tance of 245 nautical miles for one at 40,000 feet. 

Report alverariwarne ass pened sto diichenea ei tudes, sat 
better the link range and the greater the permissible search 


area of the DF aircraft without using communication relays 
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will become. The improved aircraft and better DF equipment 
extend not only the capability of an airborne DF unit, but 
miso the tactics needed to improve success. For exanp ii 
multiple aircraft coordinated against the same target or 
Search area can help insure good quality fixes on short dura- 
m@ream Sipnals by providing the necessary space diverse EOB's. 
feee, high tlying aircrart can be tasked to search large 
areas of hostile territory at a distance by virtue of their 


ome Sensor view to the EM horizon. 


B. MODEL FRAMEWORK 

Preliminary work was initiated to build the above obser- 
vations into the framework of the model. The elements of the 
problem were first drawn into a simple representation shown 
maereure la. This was then modelled in Fig. Ib and Fig. 2 
TO provide analytical information abottt the problem. 

Figure lb shows that the border was linearized for sim- 
peercity, and range circles introduced. The range circles 
represent the maximum distance at which the aircraft can DF 
Perec tromagnetic revs The shaded area is the EM field of 
view (FOV) common COV bOtCharrerart. Ne a flcure OLSiner hes thd S 
area indicates how well an area is being searched for short 
duration signals (any target radiator in that area has a high 
probability of being cut by two aircrait simultaneously). 
Sener overlapping fields of"view will exist i1£ a third plane 
is added. Note that the area between the aircraft track and 
border was not counted as contributing to the area of coverage, 


Samee it iS Nenproductive. 


ibe 








Figure 2 shows .that Eig. laswas curthensmoOd csi case 
imdicatesthe apemature ofpastyowarreraf tut iscsonmam ine ee 
get radiator. The distances from the aircraft to the target 
are also shown. Both aperature and aircraft to target dis- 
tances also provide simple figures of merit. The closer the 
aperature approaches 90° the better the chances of a suc- 
Meorul fix. The distance from aircraft to target is a 
necessary measurement indicating whether the target is within 


fix range. 


eee >YOTEM FACTORS 

With the framework model completed work was initiated to 
quantify and model the factors affecting an airborne DF 
scheme. These factors, it was oun ecotta be grouped into 
minecarth geometry factors, (2) navigation factors, (3) tar- 
Memeto aircratt link factors, and (4) DF remoting link 
maetors. 

ie Lagth Geometry Factors 

The terrestrial environment of the airborne DF system 

presents some initial problems regarding the distance at 
which emitters can be detected and the accuracy of the param- 
eters used to describe the system. The problems stem from 
the fact that the spherical earth's curved surface introduces 
a horizon for line of sight signals and makes distance, 
aperature, and area measurements somewhat complicated. To 
live with the consequences of curved surface geometry in the 
model would be difficult, so solutions were sought that would 


Simplify the modelling without serious loss of accuracy. 
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Detection range) Was finally estab@ashed by assuming 
targets were emitting in the VHF and above range with suffi- 
emeont power that they could be detected at the horizon. To 
@ontorm to the observed propagation characteristics of line 
Of sight signals this horizon was modelled to be the horizon 
m@rea £LOur-thirds earth. Reintjes and Coate im Reé. 1 show 


mmueeeche distance to this ‘'radar horizon" is 


ey ee 2 (1) 
where d = distance to horizon in status mile 

he =eererart altitude in fee 

h. = emitter altitude in feet 


e€ 


Mueeeneral the emitter altitude could be considered zero. 

Bouatwtone |) provides % starting point for es tamatimne 
detection ranges which would allow the perimeter of the field 
meme w Of the aircraft to be established. It was recognized, 
however, that this was only an estimation, and was included 
in the model for use when better data for i Coot On was 
unavailable. 

Other difficulties in working with a curved surface 
mere Bipeinared when it was determined that the surface could 
Memmoditied without significant deterioration in accuracy. 
Pemation (1) hélps provide the basis for a simplification of 
mae spherical earth to a flat earth model. Coburn in Ref. 2 
shows that for altitudes up to 80,000 feet, the location of a 
merget ratiator at the radar horizon (340 nmi) would be crea 
by less than .5 percent if a planar rather than a spherical 


Meaelewas WwSsca tor the £1x. Since the planar or flat earth 


dee 





moael is vastly less ‘ditrveult to work with, tt ereatiy 
eenplifies the calculation of areas, aperatures, and aimera.e 
to emitter distances. 

Wee Naver a PEON aeeol > 

The question arises whether or not aircraft position 
eeror Significantly affects the ability of airborne units to 
accurately fix targets. Obviously, large error would make 
meine a highly ditficult and largely a statistical process. 
It must be assumed, however, that an advanced airborne DF 
System would possess the best navigation equipment available 
ijoman eifort to minimize navigation error. It is possible, 
then, that newer systems such as differential Omega would be 
selected over the older Tacan system which often is not 
Suirticiently accurate. 

Deverin in Ref. 3 concludes in a preliminary investi- 
m@reron of DOA airborne DF fixing error that if the position 
Pmier 15 small fixing accuracy will not be significantly 
mepraded. [It then follows that with newer navigation systems 
aperature, distance to target, and overlapping field of view 
areas need not be eared Statistically, but can be treated 
deterministically WlewapCsteronmeerror Nel lCeted.  llmls. ice 
incorporated into the model. 

pe lanpget to Ameratt) Linke raceons 

To accurately model the airborne DF system, modifica- 
tions had to be made to previous assumptions on the target to 
a@rreraft signal link. It was decided earlier that equation 


(1) would suffice.in describing the link range for cases 
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where either good line of sight conditions existed or a 
rough estimation was wanted. The model would, however, be 
deficient if link factors were not considered and a more 
complete alternative to equation (1) found for more 
a@euraccly determining the emitter detection range (and 
Gonsequentiy the aircraft freld of view). Equation (1) 

would still serve the aforementioned purpose, but the alter- 
ative procedure would provide closer adherence to the physi- 
cal situation when necessary. 

Several factors from target transmission character- 
maeacs towamrcraft antenna andereceiwer capabailitwes affect 
Mae Signal link. These factors have been assembled below 
and their significance in the model analyzed. The result of 
this analysis is the mena shonmmmeineaks g . 66m 

In e@ensacderangs the major factoms wshat vatfect aheslink, 
mapeet transmission characteristics are most plainly of prime 
aipertancesto thesproblem Tanget signal power, efor imstanmcc, 
can vary from zero to more than enough for detection at the 
merazon. Power also can besradiated by directzonal antennas 
amd signals polarized vertically, horizontally or some place 
ai between. Modulation types like AM-SSB can present signals 
of lower average power than equal peak power continuous wave 
Signals like FM. Frequency, as shown by the Fig. 6 equation, 
@an also affect the range of the signal. 

Most ort™the problems presented by the transmission 
Characteristics above can be greatly compounded if the target 


Mahone sS  In- aperiodic short bursts or is surroundcde i elhose 


ils) 





peoximity by other targets.” The @ problem of bum seein 
mission is one problem for study by this paper. The other 
mpeoolem of sorting targets in close proximity, hoWever, ji 
been investigated by Pfendtner in Ref. 4 with mixed results, 
altogether not too encouraging. 

Propacderne tore vowaras ene Dh albrenmare Une ma@amec ec 
[memal experiences free space loss as well aS numerous 
environmental losses. Man made noise, rain attenuation and 
shadowing from mountains are a few of the factors interfering 
fren the ultimate receipt of the signal. Figure 3 shows that 
these factors were able to be modelled as contributing losses 
ama expressed quantitatively in the link equation. | 

Upon arrival at the aircraft signal detection be- 
eores a matter of technological capability. "Much of the model 
Seosotance depended on the design of the advanced airborne 
G@grection finding systen. 

One of “sn important advances modelled was in inter- 
ferometer design. Figure 4 shows the antenna patterns for 
Bi existing system. The almost perfectly circular pattern 
of antenna gain in the horizontal planerallllenmedetne elle cic 
magnetic field of view around the aircraft to be modelled as 
mye Circles illustrated in Fig. 1b. Definitely a major 
contributor to simplifying the model. However, the antenna 
Patterns shown in Figs. 4b and 4c initially gave concern that 
Signal attenuation for even small depression angles might 
mewerely obscure thesaircraft's field of view. A sniall ecal- 


€ulation relieved the uncertainty by showing that even with 
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a total blackout of signal beyond a 20° down depression angle 
morcan antennasat 24,000miect;, only a circlhesoe£t Ji mikes 
radius around the aircraft would be affected. Considering the 
View to the EM horizon is 190 nautical miles not very much 
area is affected, even in this extreme case. 

One other observation was also found pertinent to the 
interferometer analysis. A distortion of the field of view 
G@amld occur in steep aircraft turns. Consequently, this 
maneuver was discouraged for the flight being modelled. 

Besides the consequences of the antenna patterns 
Baecnue are miscellaneous errors introduced into the system by 
Mmmedaiation of reflection that affect DOA measurements and 
ultimately calculated aperatures. These errors do not 
materially affect the model as long Ag they are small com- 
pared to the mean aperature measurements (typical error due 
f@mall causes + 2°). 

The DrVreceiver section fea from’ the aumecrreromeres 
must provide the sensitivity necessary for handling low power 
Signals and resulting low signal to noise ratios. This 
feegal-to-noise ratio is critical to the confidence factor of 


the LOB's executed. The relation is: 


OrpmMs &< VSTN7 


ORMsS is the GOOt Mean Square of the .adilanger rons. phon 


where 
the aircraft part of the link model it was decided that the 
radius of the EM field of view should be based on the capa- 


Bility of the receiving equipment on board and the degree of 


leg 





eontidence desired ingthe LOB"S) Given an jen ee moe ae 
Strength the radius of the field of view could be calculated 
mothe Fig. 3 link callewilation- 
‘ee bia Reneta ncaa kek actors 

Bey Olds the redud71 cme. haves aieal Tr berne ss yste) 
@aeaple of executing accurate LOB's theresmust be a<commund - 
cations system capable of relaying the data back to a 
meallection center. That relay requinement meantsthe model 
Med a restriction imposed on the distance the aingraft could 
meeetrom the collection center oreitspintermediate relay 
memminals. Contingent on a sufficiently powerful aircraft 
transmitter and high gain transmit antenna the aircraft 
eomlad Maintain two way contact with the collection center 
Sievir out to the radar oat undemetheGebestmcondations . 
The model, then, was further constructed to operate under 


momeseconstraint or tighter ones if the conditions warrant it. 
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Lit. - GOMPUTER MODE DESIGN 


oo COMPUTER MODEL “REQUTREMENTS 

The complexity of the airborne DF problem dictated that 
meeomputer model be derived from the initial modelling work 
Memnelp provide insight and aid in the analysis of the DF 
System. This computer model had to reflect both the airborne 
Peesystem and sound modelling principles. The model, then, 
fae co CONSist of @n analytic representation of the system 
meprogram form, containing the crucial parameters of the 
peeolem without the minor or irrelevant system faetone 
mvolved that WineceSsarily*complicatte the*problem. The 
model also had to accept variable inputs and yield readily 
assimilated results on command. 

With the above in mind this phase of the modelling was 
begun by crenmandnnet dite a computer program in FORTRAN consist- 
mee or al] the necessary problem elements. The completed 
program was to be run on a XDS 9300 computer and data output 
foo, line printer and Adage graphics display terminal. This 
type of modelling proved to be quite effective in providing 
rapid data processing and display, and consequently a high 
degree of man-machine interaction. The details of the pro- 
gram formulation and its eventual use in a responsive 


somputer directed system ame given in the following sections. 


Is. 





B. CONSTRUCTION OF MODEL PROGRAM 

The computer program had to accurately represent the model 
upon which it was based. Faithfulness to concepts and ana- 
lytical expressions of the model was of utmost importance in 
me program design. These concépts and’expressyons areé 
expanded upon as the discussion of the program construction 
eomcmnues. 

The computer program can be described in -broad terms by 
the rough flowchart shown in Fig. 5. Apparent is the separa- 
mom Of the program into input, data generation, and output 
Sectrons. 

if Input Sseermion 

The anput se@tion wasm@csicned tomaidlowepertinenit 
Peoblem parameters to be input Wia punched card at the 
pepannang of program execution. These parameters are: 
mee Initial position of aircraft along track 
oe f.iteeGude of aircraft or distance to electronic horizon 
Pee Velocity of aircraft 
[= End points on teack for each airemaft 
pee lime of flight 
oe 6Lime increment fom calcusateon of soutpaeedata 
The input section also includes the primary method of input 
which is teletypewriter. This will be discussed later. 
me. Data Generation Sectauen 
a. Basic Flight Data 
The data generation commences with the receipt 


of input parameters. As shown in Fig. 5 several operations 
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must be performed on the input before processine@eis comercr—. 
A few initial tests are performed to set the program up for 
eee LECtromagnetic field of view overlap. Programmenieenast 
frst determine if the field of view of one of the three ™air- 
maeet has the field of view of one-or b@ith of the others 
Pomabiy enclosed, as would occur with aircraft at different 
miseatudes and in near proximity. If so a calculation of 

that inclusive area is made. This area is corrected for any 
unproductive area between the aircraft and a border beyond 
fimmeh lies the region of interest. A correction is also made 
femmeene areca of overlap is weighted only with the common field 
Semertew Of two planes, 1.¢., although three aircraft may have 
a certain field of view in common, the common area is counted 
Smewonce as in the two aircratit casewrith no extra consider- 
miemeom tor the third aircraft. Figures 6a and 6b show the 
cases where two plane and three plane totally inclusive fields 
of view occur. 

Kime tie tests £01 thevspecralmwcases Of Lota) 
mrelusion are performed, the test for the more general case 
of overlapping fields of view is carried out. If there is 
found to be overlap, a number of steps are begun to accurate- 
Metind the overlap area. First, the X-Y intersects of the 
Meer lapping circles enclosing the two fields of view are 
fmemd (See Fig. 6c). This 1s done by solving the two circle 
eemations simultaneously for X and the Y. With the value of 
mecne area of the overlay can be found by treating the over- 


Tap as the sum of two circle sectors (program actually deals 


on 





with half circles. 31.¢., area. toyone ssi deseo Let 4ch ee 
im Fig. 6c the area is the sum of sectors A and) Bo The 


formulas are: 


SE OMOR. A Ses GR2 oe COG te lust) 2 eect GR aes aia en 
SEGROR B = (RR)° COS > CicHR/PR} - (RR-BR) SA2cRR eRe RR ee) 
TOTAL AREA = SECTOR A + SECTOR B (4) 


Variations of the above formulas are generally 
meeguate to accurately determine aveninounntmtcee although 
two situations exist where the above area needs correction. 
The first situation occurs when a border is introduced into 
meee problem as described previously. A trigonometric correc- 
tion function was found and added to the area formulas. 

This made the particular formula above more general without 
@egrading its accuracy. 

The second situation occurs whenever the compli- 
@acea overlap case shown in Fig. 6d .oceuwrs. The program was 
@eaiened to find the field of view overlap of two aircraft at 
atime. Normally, the whole common overlap area of two 
fields of view Sonic bestniaue tog@tworaireratt aS gan i wommec. 
However, etnies 1p Seeds ec «a | 1 Se es cover por- 
tions of the same area. That is, in calculating the common 
overlap two planes at a time the piece of area common to all 
three planes would be counted three times, thus resulting in 
an erroneous value for area. The field of view common to all 
merece planes then had to be»fownd and subtraeted twice from 
resulting area. Again this was done trigonometrically for 


fmeasons Of GaSe and accuracy. 
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The next part of the data generation section is 
used to calculate aperatures and distance from aircraft to 
@amecet. The basic formula for calculating the aperature be- 
tween two aircraft was derived from analytic geometry and as 


an example consists of the following for aircraft one and two. 


ajemgoey 
die 
M, aes lopesot-wigmienof sip htetnonea ircrat tone oethespamaec 


M, = slope of llinewof sight from aircraft two to the target 


The formula is adjusted by the program to yield positive 
angles from 0 to 180 degrees. The distance from each aircraft 
to the target is figured simply as the length of the hypore- 
meee OL a right triangle, the hypotenuse having an aircraft 
and the target as end points. Figure 2 illustrates the above. 
b. Statistical Data 

[hewilast part of the @data seneration Sections 
iaede tO compile statistics on the DF flight modelled by the 
program for aircraft two and three (one not used). Knowledge 
of the geometry ot mathematics involved in the compilation 
will help in the utilization of the statistics, as well as 
help in understanding their limitations. Figure 10 shows 
mime Statistics calculated. 

The first set of statistics under ‘SEARCH MODE" 
1s calculated independent of any target being specified. 
Statistic one is based on the aperature between the two air- 


Meatt, With the angle Vertex at one of two points. if tire 
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mudpoint of the field soft view perimeter avewoteone sine 
eres within the field of view of “the other , Chie aperaeun ems 
measured with the angle vertex at that midpommt. Othemwase the 
maueex is at tle =perimcver mimccnaee: "Ore ciemenO Fields or 
mew. Figure 7a shows an example of the latter. With the 
definition so established, the input parameter IANGX is 
Pempared to the™aperature generated for each” increment (INCR) 
@: time in the flight. <A percentage is then-computed based 
on the number of times the aperature was greater than IANGX. 
Statistic two in this set compares the input parameter PSA to 
mie percentage Of the sedrch area Covered fOr each intrement 
Geetime in the flight. Figure 7b shows that area is defined 
meee total area beyond’ the border visible to the lowest 
mining aircraft if it travels @he entire permissible aircraft 
track. This search area, divided into the common overlapping 
@rea and multiplied by 100, is the percentage of search area 
covered is greater than PSA. The third statistic (unnumbered) 
mayeene set finds the percentage of séarch area covered during 
Mmiewentire flight. As opposed to the previous statistic the 
percentage computed here represents only new areas not 
@omnted during previous increments of time. That is, statis- 
tic two could reflect the same overlapping area counted over 
ema Over again. There is no aircraft movement implied by 
Mmecetistic two. However, the third statistic uses the scheme 
shown in Fig. 7c to establish whether a certain area has been 


wiewed simultaneously by both airerait. “~Onelundred equa, 


spaced points along the border represent the search area. At 
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€ach incremental tame during the flight the points are 
ehecked off in a matrix and not, vecounted. Thesnumber of 
nommts checked off.in the matraxwsat the send ofsthe flak 
equals the percentage of search area covered. 
The second set of statistics under TARGET MODE is 
petally dependent on a target specification (XP1, YP1). If a 
[mmeect 1s mot specified the statistics are compiled for a tar- 
eveeac XP1=0.0, YP1=0.0. Statastic one of this set indicates 
fmee percentage of time the target was in view of both aircraft 
when checked at incremental (INCR) periods during the flight. 
Statistic two indicates the percentage of time with the target 
jmoerange the aperature on the target was greater than the 
mit parameter IANG. Again, the abeve condition ius checked 
at incremental periods during tine. flight... The» thirdestatas- 
tec indicates the percentage of time the target is within 
Miemvicwing range of two aircraft if the views need not be 
Simultaneous by the aircraft (as in statistic one) and they 
Mages the time specified by the input parameter INM to get 
rieS mmee, thes check 25 Made incrementally (INCR edna 
the flight with each aircraft moved indpendently INM minutes 
ahead at increments of INCR and tests made to see if the 
meeve criteria 1s fulfilled. For the most accurate results 
mi should be an integer value times INCR, since the program 
generates data only at INCR increments. 
oe CUED yocetron 
The output section of the model program was designed 


to display the airborne DF system parameters and program 
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generated data as effectively as possible. The data was 
formulated for output to a graphics terminal and to a line 
printer for hardcopy. One of three graphs may be displayed 
on command; time versus area, time versus aperature, and the 
possibility of a two plane fix on a target versus time. A 
Cmepiay andieates the function switches to be pressed for 
the different graphs. Once a praph is selected a display 
apmeans with the graph om several lines listing the system 
parameters. An option box accompanying each graph contains 
the options available to the user. One of the options is 
Mesececopy from the line printer. Essentially the same infor- 
mation is presented in the printer output as on the raphe 
display, but in addition to the graphs, tabulated data is 
Piven. The specifics of the granhics display and line printer 
Meee copy are piven in Appendix A which contains a detailed 


@escription of the program in use. 
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TV. SRS ules 


The interactive graphics computer program was used to 
meodauce the quantitative data necessary for insight into the 
Mearure of the airborne DF problem. To this end numerous sets 
of data on several facets of airborne DF were generated and 
tabulated to establish patterns and provide da base from which 


meenniques for optimization could be derived. 


A. SELF-APERATURE 

One of the first areas of airborne DF to be examined was 
the effectiveness of self-aperature. That is, how effective 
was one aircraft against targets which only radiated for a 
fvere period of time. In this examination the computer model 
was used to fly an aircraft against two targets, one in close 
proximity and one fairly distant. The scenerio is typical 


~ 


with the following initial system parameters: 


INITIAL 
ALTITUDE (FT) /RADIUS(NM) VELOCITY(MPH) POSITION* 
AIRCRAFT 1 i / 0 ao .0 
AIRCRAFT 2 24000 / 190.2 160.0 Ae 
AIRCRAFT R 24000 aoe 160.0 0 


meolLANCE TO BORDER IS 36.0 MILES 

Meee eCIFIED, TARGET CO-ORDS ARE X = 120.0, Y = 150.0 
MeTAL AIR TIME IS 300 MINUTES 

TURNING POINTS ARE X = 0.0 AND X = 240.0 


* Positions are given as an X coordinate position along the 
permissible aircraft track. 
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The target is considered to be in full vilew foreeacieentarc 
Eransmit period. Aperatwre data is tabulated tor foumeeumen cc 
euansmit periods an Table 1. Note that aircraft two's@posi- 
men 1S aircratLt Rs position n minutes later. Evident from 
this data are the poor aperatures attainable against targets 
emitters of short duration. For example, the target at 40 nm 
meem the aircraft track must transmit for over five minutes 
to be fixed with an aperature greater than 20 degrees. Also, 
the target at 160 nm must be transmitting for greater than 
Zueminutes before a 20 degree aperature f1x is possible. 

mire results of this first examination infer that a 
memtrer scheme 1s necessary if good aperatures for high 
S@entidence fixes are to be produced against short duration 
Margets. The next step then waS to examine two and three 


paecrait systems, and determine their effect on airborne DF. 


B. TWO AND THREE AIRCRAFT COMMON AREA COVERAGE 

It was initially conceived that one of the most important 
measures of the ability of a two or three aircraft flight to 
mx target ameter was the size of the common field of view 
they maintained. This follows Very simply Lon the tae t 
that if a short duration signal is to be detected by two air- 
craft simultaneously the source must be within the common 
field of view of both aircraft. Thus, any target emitting 
within that overlapping field of view area has a good proba- 
Orlity of being cut at least twice. When searching PO 
emitters, then, the size of the overlapping area becomes an 


mmportant consideration. 
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Intuitively it folllows that the mor@ aircraft employed the 
better the coverage. To find out how much better, the three 
euucraft in the model were utilized to fly two search mis- 


Sions, the first with the following parameters: 


INITIAL 

ALTITUDE(FT)/RADIUS(NM) VELOCITY(MPH) POSITION 
AIRCRAFT 1 0 / a0 ot 0.0 
AIRCRAFT 2 24000 EE Sp -160.0 240.0 
AIRCRAFT R 24000 Me Tee 0 0 


ie tANCE TO BORDER IS 36.0 MILES 
ieeobeCIFIED, TARGET CO-ORDS ARE X = 120.0, Y = 40.0 
TOTAL AIR TIME IS 300 MINUTES 


MORNING POINTS ARE X = 0.0 AND X = 240.0 


The second mission was flown similarly but with the following’ 
Eeeecptions: 
AE eee Ore /e =) 24000 


PiieeeAL POSILION OF A/G 1 = 120.0 


Msing this scenerio it might initially be spectulated 
that a three aircraft flight had a 33 percent coverage edge 
over a two aircraft flight. Table II however, shows that 
Sen though the maximum coverage during the flight was the 
same for both, the median overlapping coverage with three 
aircraft was 60 percent higher than for two. Using the 
median as a figure Of Merit: Pteapecars that thc ane red semanl 
Goverage is not at all linear with the increase in the number 


ore aircratt. 


8. 





C. TWO AIRCRAFT COVERAGE OF KNOWN TARGETS 

Part B primarily addresses the situation where targets 
exist randomly in an area under search. Another situation 
exists, however, where the location of some emitters is 
approximately known. The fixing of amown emitter is trivial 
Since two aircraft can fly to keep its approximate location 
in view at all times and cut it whenever a signal is present. 
Under normal circumstances, however, it 1s probable that 
there will be a need to cover many known targets as well as 
search for unknown emitters. This requires the aircraft 
move in a search pattern but still give attention to a known 
Pramary target or cluster of targets. Based on this, a 
Sscenerio was created which would allow the effects of the 
Martables concerning known targets to be gauged. The inital 


parameters of the problem were set as follows: 


INITIAL 
ALTITUDE(FT)/RADIUS(NM) VELOCITY (MPH) POSITION 
AIRCRAFT 1 ey, 0 O.. 0 
AIRCRAFT 2 24000 = / ‘190.2 160.0 80.0 
AIRCRAFT R 24000. /-_—:190..2 160.0 0 


DISTANCE TO BORDER IS 36.0 MILES 
[i ewoPECIFIED, TARGET CO-ORDS ARE X = 120.0, Y = 160.0 
TOTAL AIR TIME IS 300 MINUTES 


TURNING POINTS ARE X = 0.0 AND X = 240.0 


To eliminate a great deal of unneeded complexity from the 
problem only two aircraft are used. Two aircraft are suf- 
ricient to provide the necessary elements of the problem and 


to permit the analysis of airborne DF. 
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1. The Effect of Sienal Duration sonea wow sine nepeeeee 

The signal duration bears greatiy on the ability of 
two aircraft (or more) to fix a given target. Table III 
Shows the effect of several different duration signals on the 
ability of two aircraft to each execute an LOB on a known 
moet. Ihe Table shows the percentage of time a £1x could 
be made with cuts by two aircraft staggered in time. 

Most appaxenite fromathe Tabhesisethemnearly lingam 
mipeovemnent of in fix probability as the target signal duration 
mmereases. Notably the chances of getting cuts from two air- 
MmmmenOn the target are 20 percent greater if the signal dur- 
ation 1s 10 minutes rather than one minute. 

Peeliceetcetnor laneet Posielonvon Fixing success 

The position of the target emitters in the search 
memecan have a significant affect on their probability of 
Meeeecti0on. tfto find out how significantly the several sets 
of runs were made with the parameters of several mission 
Seenerios. Table IV shows the statistical resuits using the 
scenerio and patameters Of section C1. Themtaneet posmeran 
verses the three statistical outputs of the target mode 
Bfetion Of the computer model are piven. 

The meaning of this tabulated data is subject to many 
meerpretations, but most simply it conveys the fact that 
targets awe located around the X and Y co-ordinates shown 
will have varying probabilities of being acquired and fixed. 
For example, in this scenerio the targets eieee EO: ehemema 
points of the track or distant from the track have the least 


chance of being fixed. 
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After the study of many such sets of data it was 
found that the probability distribution of this tabulated 
Gata was not wholly unique. It appeared that two aircraft 
meaversing the entire permissible track would yield this type 
Of distribution. The parameters of this scenerio, however, 
seem particularly well chosen when compared to other possi- 
mmeerrcies. That 1s not to imply that these parameters are at 
pees OptLimum or that they give a general solution. It does, 
Mewever, illustrate that judgments can be made as to the 
MereesOlUution if alternatives are presented, as can be done 


iteratively with the computer model. 


Pee OPTIMIZATION OF AIRBORNE DF FLIGHT PATTERNS 

AS was Stated earlier, the primary purpose of studying 
mm@euvidual parameters and their effects if the accumulation 
of data base from which techniques can be derived for obtain- 
ing optimum airborne DF flight patterns. In consonance with 
this experimentation was begun with the computer model. 

ime was SOON evident that the number of parameters involved 
did not allow ready COMputeril zation Of Lhe Lotal optim canon 
process. Further, it was found that trade-off situations 
Pecurred in Oe aiealon that required value judgments. This 
fPeeemeant that the process of optimization would have to be 
pemded to a solution. Fortunately, interactive graphics is 
omeectfective tool where solutions can only be found through 
positive operator control. The computer model, then, would 
serve as a means of reading solutions through iteration 
€ycles involving operator inputs, machine computation, and 


data display. 
SZ 





The use of the iterative technique proved successful in 
g@etermining efficrent flight» patterns for areborne Pr mis- 
Siions. To illustrate the means by which a solutionsis 
determined, an example is offered with the following initial 


Marameters inputed to the computer model: 


INITIAL 
ALTITUDE(FT) /RADIUS(NM) VELOCITY(MPH) POSITION 
AIRCRAFT 1 a / 0 0 10 
AIRCRAFT 2 24000 / 190.2 160.0 70.0 
AIRCRAFT R 24000 / 190.2 160.0 0 


MWPetANCE TO BORDER IS 36.0 MILES 

fee ee CEFIED, TARGET,CO-ORDS ARE X = 50.0, Y = 105.0% 
eral AIR TIME IS 300 MINUTES 

TURNING POINTS ARE X = 0.0 AND X = 240.0 

feeOCTTY, INITIAL POSITION, AND TURNING POINTS ARE ALL 


mE LOWED VARIABLES 
* Unused information in search mode 


flso, the statistical data output of the computer model 
Was set up to display the following statistics: 
SEARCH MODE 
PERCENT OBSTIME 
1. FeOLV. ENTERSECT APERA URE GREATER SA Nee OS WiEGe 
Z. COMMON AREAVGREATER THAN 5070 °FG1 OF “Sted 
AREA 
PESeEN? OF (Se nC AREA COVERED 


PARKGET MODE 
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PERCENT sani 
] cem@BARGET SIN «RANGE OP TWO-Ay¢ 
2. TWO A/C APERATURE GREATER THAN 20 DEG. 


3a VIGW OF TARGET eWITHIN eS 20 MING OF WO AG 


tars example will be used to show three types of solutions. 
Mmiemetirst SOlution is for the best fix of the primary target 
my. ithe second solution is for the best flight pattern to 
Search for targets in the area along the aircraft track and 
@enoss the border. Finally, the third solution is a mix of 
miteerrrst two,in that it is for the coverage of the primary 
target but not at the expense of the search for new targets. 

Memputing Che first solution 31S quite determistic and 
straight forward. Since only the coverage of the target 
mest be insured just two factors must be considered, distance 
Gemtarecet and aperature. To get maximum aperature the first 
mererart must orbit around the origin end of the aircraft 
track and the second orbit where it maintains the target in 
view and contributes to as large an aperature as possible. 
If the model program is used to increment the second along 
ime aircraft track the optimum position can be taken off the 
Sraphics displays of aperature and possibility of fix or the 
hard copy ee Out. In this#easera ec awa lieie s Olmae it man 
under ''radar horizon" conditions the best aperature is 81.9 
MmeerecS and occurs with the first aircraft at X = 0.0 and 
mime second at X = 208.0. 

Determining the best search pattern to fly Bequiresave) 
meeive use of investigative experience and the iterative 


mmeececss. Unlike the first case the aircraft must constantly 
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travel along the border if most of the area is to be 
inspected simultaneously by two aircraft. Since short 
aumation signals are considered the most likely; only the 
overlapping coverage of areas counts toward productivity. 

in beginning a2 solution to the search problem an estimate 
Sethe best solution must be made to establish a starting 
pont, Wsually this"@stimation rs" based”on the maintenance 
@merarge overlapping areas covering the extent of the search 
area and keeping proper aircraft distance for’good aperatures 
mmechne area of overlapping coverage. To accomplish the above 
to any degree means that certain practices are followed. 

ome practice requires that the-aircraft flyat the same 
Paeticarly tive saiie altitude whenever possible. Thas is mainly 
meee cOnomy reasons. That is, @f one aircraft flys much 
heewer than the other it has areas in view which the lower 
@arecraft will never see, thus no simultaneous coverage. It 
may be argued, however, that the overlapping area with the 
Mower one 1S increased. However, if the energy is to be 
Sepended to fly one higher why not fly both equally high and 
Petea large improvement with no areas in the search area 
beyond overlapping coverage. 

mmother practice requires that the aireraft traverse the 
SMmeire»permiss@ble aircraft track, preferably at a fixed 
[metance apart. It is necessary for the aircraft to travel 
Daesentire track if there is to be any possibility of the 
whole search area receiving overlapping coverage, if even 


just momentarily (ends of the search area usually suffer even 


So 





im optimum solutions). Ideally, 22 both sairverate slew, 
close together a large percentage of the search area would 
be seen at any one time and all parts of the search area 
could be viewed at least once given sufficient travel time. 
Mewever, this 18 where the second part ofthe sane rie beac 
mmeseussed comes in. If thereis to be any aperature at all 
@mecmitters in the overlapping area regions there must be 
good aircraft separation. Unfortunately, good Spiess 
emo large overlapping area coverage are in opposition to one 
another. Usually a compromise must be made based on the 
minimum aperature necessary to get a good f£1x and the desired 
overlapping area to be covered. In the end a simple estima- 
@eeaon Gollowing this practice helps give a good start to the 
interation process. However, it should be noted that with 
this practice and others exceptions do occur depending on the 
Gonditions imposed upon the problem. | 

VWistheethe above paactices as a guacde the itenat hom pamecess 
was begun. A couple initial runs were made to find a good 
manberval between aireraft andeadjustments wn the parameters 
started from there. Table V shows the iterative sets of 
Seatmstical data computed by theemodel program. The first 
three rows of the sets apply to the optimization of search 
Mmaeterns. «These statastics allow sjudgments to be made 
quickly on the merits of the parameters selected. If the 
Pesuilts are unsatisfactory the parameters can bemadjusted 
and their effects observed again. The sets of statistics 
in Table V represent this adjustment and readjustment 


process (some intermediate sets have been deleted). 
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Except for perhaps set one, set seven and eleven are 
@kcarly the best in werms of Statistics and theredéome meprc- 
sents the best flight parameters examined. Set one has been 
eliminated because although it maintains good aperatures it 
Gumby manages to sce 30 percent of the search area 43 percent 
memenes time and only gives omerlapping coverage to 60 per- 
cent of the total search area. These two factors override 
mer little advantage set one has over set seven in attain- 
Memes aperature. Sets eight through twelve represent addi- 
Pronal iterations to find better parameters, but with success 
Only in set eleven. The parameters of set seven, or set 
eleven then, would be selected if an airborne DF mission was 
desired for the purpose of an area search along the permis- 
Seore aircraft track. 

mie third solution for the best tanget and s@arch area 
coverage is the most complicated and subjective solution of 
mime However, it's also the most common solution required. 
Meetnis example only one primary target is present in the 
sesh arca.— lThis.mwa@kes @he problem considerably @@ess sub 
iem@tive and more illustrative than multiple target situations. 

Table V also gives the statistical data sets used to 
mena the optimum solution. For this problem all six statis- 
mies must be considered and the besteset of six chosen as 
mepresentative of the best set of parameters. Best in this 
Pmeoblem wili denote good coverage of the total search area 


plus good target coverage, with trade-offs for excellence 
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imeeither coverage. The practices of the previous solueren 
mor the best search pattern also apply here when also con- 
Sestent with good target coverage. 

mire initial estimate of the» best solution for this problem 
dictated the same initial parameters as the search area 
proolem. The iterative set of statistics for that problem 
ears led to the solution of the problem at hand. This was 
not unexpected since by their nature the aperature and 
Coverage consideration for the search mode can also be con- 
@ecive to good aperatures and coverage in the target mode. 

ive iteration process in“this problem determined that 
ewetvelvye represented the best set of parameters. Since 
tne selection is not totally obvious it must be clarified 
mmc ly. First, set eight 1s c8early better than sets two 
mimouwoh six and set eight. Secondly, it is better than one, 
mie and ten because of their considerably poorer search 
mode statistics (l to 3) which are not compensated for by 
Miear Only slightly better target mode statistics (4 to 6). 
Sumraly, twelve is better than sets seven and eleven because 
a small trade off in statistic one gives set twelve markedly 
better performance in the target mode statistics than those 
meeeother sets can offer. Therefore, twelve is selected as 
memresenting the best choice of parameters. Appendix D 
maves the parameter, statistical data, and flight data for 
mac Solution. 

The arguments for the best parameters yielding the optimum 


futon in this problem are fairly clear, being based on the 
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importance of total or near total searchmareascovcr ieee 
@eod target coverage... The problem was sub)cetive in thee 
both were impossible to maximize at one time so trade-offs 
mecurred to get the most improvement in one area for the 
Memetesacrifice in another. Under other problem conditions 
ime results may have been different. For example, if target 
Coverage had a higher priority than een area coverage set 
ten would probably have been more acceptable than set twelve. 
As with this example, other work has shown that in all 
but the most elementary situations good solutions are the 
result of compromises. The subjective task at hand when the 
compromises must be evaluated is recognized as being the most 
Seer tcult phase of the solution process, a phase which cannot 
Dewcomputerized. However, that part of the process that was 
automated through the computer model proved to be efficient 
maeoursuing a solution to the point where subjective inter- 


femt2On was required. 


feo CALING SOLUTIONS 

Once an optimum or near optimum solution was found for 
a set of Pre tmeeances ae seemed reasonable that this solu- 
@pon should be able to be extended in a scaled form to 
Sumalar situations, where only the distance to the EM horizon 
G@rters. To test the feasibility of such scaling, a series 
of scalings were performed on a set of parameters and the 
computer model used to evaluate the results. An example of 
this scaling and a comparison of the statistical results of 


Mie two modelled flights are shown in Table VI. The results 


Sas, 





mec typical in that at no time in the testingiac a scaled 
Selution off more than one percent from the original when 
Seatistics were compared (error due to incremental fineness 
of model). Overlapping field of view areas were also found 
Mmemcontorm to the scaling, being related by the square of 


meee scaling factor. 
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V. CONCLUSIONS 


The ultimate result of this study shows that an airborne 
DF system may be optimized based on geometric and signal 
@iiration considerations. However, the-process of optimiza- 
tion was not found to be totally straightforward since in all 
Mee the Simplest cases subjective judgments and compromises 
Pemee required in the finai steps of solution. 

It was also found that the practices developed during the 
study of flight and target parameters could accelerate the 
convergence of computer derived solutions. These same prac- 
jeees Without the use of a computer can also be valuable in 
deriving good (though not optimum) estimates of the best 
Seiution. the practices can be summarized as follows for 
two aircraft: 

fee it is most efficient to fly aircraft as near as possible 
to the same altitude. 

fe 6€CdL'f )«éGCthe density of targets in the search area can be con- 
eracned Unitorm then each alrerart must traverse the 
entire permissible GIrcrame ttaen In OTder Lor a lance 
degree of coverage to be attained. During most of the 
flreht the aircrare should Maintain ad constant Spacime, 
Sufficiently wide for good aperatures at a reasonable 
distance. 

mee 6NOIMally, Sel® -aperature should not pe relved upom as 


a primary means of fixing short duration emitters. 
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se Se 


searching as well as maintaining coverage on a spe- 


cific target f1rst ensume spae@ing of 1 TreRett 1s 


such that a satisfactory aperature will be maintained 


on 


the target cuying a large portion ‘ol the + lige 


Pope Citic target coverage and Search Goverace are wen. 


Eially Opposed and Lrequine dilfterent solutions. 8 Eaem 


fist be optimized with particular weights if both 


ee Me olicdmeceCe mC Oe mavie a Teudes mcd. 


Oe Three aircraft can improve median area coverage by much 


morc than S0 percent Over two alrcratt coverage. 


mmere Lres@eurces permit this nonlinear relationship 


bOkWEeN aked Coverace and aircratt can provide the 


basis for greatly improved coverage. 


Pevrewing the resuits of thas study it appears that only 


feinitial penetration has been made of the airborne DF 


mob lem. 
Study in 
advanced 
airborne 
ities.of 


needs to 


A eeneral problem was defined as the subject of 
tne be@inning , 2idmeasceneral Method, On solutro: 
mmecnecrena,  Hovewer, ties neces Sor evaluating 
DEsgias been somemhat weaishbtred down by the gemegal- 


the problem and its proposed solution. Further work 


be done in idéntifyine the botmds on the probitem and 


mmeanvestigating the feasibility of a fully automated tech- 


nique for solving deployment problems. These two tasks may 


be complementary in that narrower bounds may result in the 


Seeimination of the need for subjective decisions in the 


solution process which presently thwart full automation. 


Beyond this, the need still. exists for work that will lead 


AZ 





to recommendations for the design of future airborne DF 
mercons. olgnificant improvement can be =expeeted inet 


system for a relatively modest investment in research. 
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APPENDIX A 


PROGRAM USL 


Wine USe Of the program will De described as 1t is Um con 
the Naval Postgraduate School XDS 9300-computer and Adage/10 
graphics terminal. The program is 14,000 words long and uses 
three external subroutines; specifically GINPUT, FNS and 
feeoolT. GINPUT permits namelist inputs throughthe teletype- 
Writer, FNS allows use of the graphics terminal function 
feeeches and VPLOT permits graph outputs to the line printer. 
ime model program is loaded into the XDS 9300 by means of 
punched cards and punched tape (for subroutines) or loaded 
directly from magnetic tape. When the program has been 
meeea and 1S ready for exectuion the Computer's teletype- 
Peter Will print out: 

TYPE IDEV=1*C/R FOR AGT-1 OR IDEV=2*C/R FOR AGT-2 
Before proceeding past this point, the graphics terminal is 
readied by loading and executing the program MAD or GBOAT 
located on a display terminal disk pack. Then, as instructed 
the number of Une crapires celmiimas )UsSt=s Cac lc G —ieomery Deu © 1Tl 
on the XDS 9300 teletypewriter. This causes the data cards 
weepe read in from the eared reader (see Fig. 8 for format). 
mmese cards contain the initial conditions and parameters of 
the airborne system. From this point on in the program all 


@ontrol 1s at the display terminal. Thus, all input and all 
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Output wall be initiated trom the terminal,  Fieare wwe 
flow chart illustrating the possible choices of graphic and 
hardcopy display. 

Bhestirstedrysplay atwmehe graphics terminglb is the Seae1s - 
teal Data page (see Fig. 10). Six percentages are shown 
mimeeh act as figures of merit for the DF flight just generated. 
Peemeeord of this page and the input parameter is kept at the 
imme printer. This page 1s exited by pressing the teletype- 
iercer Carriage return key. 

The second display at the terminal is the Graph 
selection List page, Fig. 11. Three options are shown. The 
mcr 1S time versus area plot -- selected by pressing func- 
mean sWwitch 13. The second 1s time versus the aperature 
between aircraft two and the reference aircraft (R designates 
reference aircraft) -- selected by preeeaers function “swHren 
fie the third option is the time versus the possibilty of 
a fix on the target by any two aircraft -- selected by press- 
Meeetunction switch 15. A note at the»bottom wf the display 
meee indicates that after selecting an option and receiving 
Mime proper graph the graph option list» page canbe returned 
meepressing function switch 10. This return can only be 
initiated from the graphics page shown as the GRAPH DISPLAY 
lmmeek in Fig. 9. 

miter the selection of awpraph the Adage console dis- 
ways a page like Fig. 12, 13, or 14 corresponding to function 
eyvertches 135 14, or 15, respectively. The page consists of 


a table of parameters, a graph and an option. 
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The table of parameters lists @the values of jen menpue: 
to the program model from which the data curve was generated. 
ine graph Section Of @tme Screen consists of a vemacr 
along which the axes are labelled, the data curve and some- 

meres a set of zero axis. The data curve is scaled using 
the maximum and minimum values of the data plotted. This 
@rlows the best use of the viewing area, but consequently 
mime Z6TO axis are sometimes out of view off-screen with the 
meme being used. 

mech like the options on the graph selection page, the 
meems in the option box give program options and the func- 
mom switches nécessary to execute"them. The Fig. 9° GRAPH 
Mier LAY block shows that there are three options available 
moemenre raph dasplay. The firs® option, branch to bleek 3 
moeeae. 9, turns the cursor on and displays its X-Y coordin- 
pee aeethe right-top ofethe screen (Fig. 15). The position 
@eeeaircraft two at that point in time is also given. It 
pee be moted that a new list of options has been placed in 
meewoption box. The first and second of these options give 
the function switches necessary to move the cursor forward 
Or back along the curve. The third option turns the cursor 
off and erases the readout at the right-top of the screen. 
ime program is now back at the GRAPH DISPLAY block 2 of 
me. 9, and the option bex reflects this. 

Option two initiates hardcopy ouegput an the lime Grrite:: 
aie Computer Output section of this paper provides examples 
Oe this. All the information available at the veraphics 


terminal can be saved this way for future reference. 
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The hardcopy graphs actually provide more information 
fmam their graphics terminal counterparts, because of the 
increased space and symbology available on the printout 
Memesion. The first graph, Time versus Overlapping Area 
(sq nmi), displays the same information as does the graphics 
meoniial Area Display. The second graph, Time versus Plane 
Position, has no graphics terminal counterpart and displays 
mer three aircraft positions during the flight. The third 
Graph, Time versus Two Plane Aperature, 1s much like the 
praphics terminal Aperature (2-R) display, except aperatures 
@eeplanes one and R (reference), and planes one and two are 
meso shown. The fourth graph, Time versus Target “Renee 
memmot Unlike the graphics display Possibility Of Fix. 
More the printer plot shows whether each plane is view of 
Mme target at any one moment, the graphics terminal plot 
just shows if any two are in view of the target simultaneously. 
Both graphs Bron a Yes response as a one (1) .and a No response 
as a zero (0). 

mie program does not return to block 2 after the comple- 
mem of the printout but instead branches to the Namelist 
mute, SECtion. This section is also the third option con- 
@emmed in the GRAPH DISPLAY option box. The words NAMELIST 
INPUT appear at the bottom left of the screen when this option 
fees been implemented (Fig. 18). 

The Namelist Input section is the vital section where the 
model parameters can be changed and rerun in the program. 


Certain program control functions can also be performed. 
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fable VII lists all the parameters that can bevenhangedsp ae 
Mamelist input. An example of this is: 
POS2 = 200 Gy 

iis changes the previous value of the initial position of 
mieeratt 2 to +20.0 miles from a 0 reference. All barometers, 
Seeecpt HITE, INCR, and INM are of the type specified by the 
memvention that words starting with I J K C M or N are integers 
and all others are real. | 

montrol words are lasted in Tabie VII] along with a brief 
Semmary of their use. To expand slightly on NERR, it is used 
Mier an error in the location of the target is to be intro- 
@meed into the program. Different XP and YP values indicate 
meat Ot all the aircraft see the target at the same point, 
and therefore prevent an exact fix. Data produced thusly 
@enm be used in many facets of problem study. If the error 
function is not required in the problem XP2 and XP3 are set 
Memenc value of XP1, and YP2 and YP3 set to the value of YP1l 
by making NERR = 0. : 

The namelist input can be used to change the parameters 
of the model with the restrictions of Table IX, and allow one 
to pursue the consequences of parameter variance at a rapid 
meee. Processing data for a five hour flight at one minute 
intervals only takes an average of five seconds, including 
me praphics plot. 

(hor reference, Append?) Contains ene COMputeT sorounan- 


Table X is a list of frequently used program variables.) 





APPENDIX B 


TABLES 









SEPARATION IN 
TIME (MIN.) 


SEPARATION IN 
N. MILES 





MAXIMUM 
FLIGHT APERATURE 





20 53.4 40 67.5 





PaApiLE I 


SELF-APERATURE DATA 


NUMBER RANGE OF APPROX. MED. AREA 
OF AIRCRAFT COMMON AREAS (SQ.MI.) MEDIAN AREA FACTOR 


2 9,460 - 43,238 26, 348 1 
a 40,766 - 43,238 42,002 1.6 


TABRE Tt 


TWO VERSUS THREE AIRCRAFT COMMON AREA 
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SIGNAL PCT. OF TIME SIMUL. 
DURATION (MIN) LOB'S FROM 2 A/C POSSIBLE 


71.4% 






71.47 


me |e 
10 : 


/ 


— 


20 end 
* Based on 1,500 points 


+ Based on 600 points 


All others based on 300 points 


TAREE T1l 


A 
, 

ele) 

Fl 7 


PCT. ORSTEME LOB Ss 


FROM 2 A/C POSSIBLE 


7G 
72.4 
74.0 
76.3, 


So 


100.0 


EFFECT OF SIGNAL DURATION ON TWO AIRCRAFT FIX 





TARGET POSITION TARGET MODE STATISTICS 








Y X 1 2 3 
50.0 62.0 53.3 
100 60.3 100.0 
100 79.0 ~~ -100.0 
100 nie 100 ,0 
67.3 67.30 70a7 
B5a7 84.1 on 37.3 
66.7 86.5 73.3 | 
100.00 77.8 100.0 
79.0 83.5. 84.0 | 
54.0 79.0 a 57.3 
180 0 ’ Sa 0 7.3 
60 25.7 
120 19.7 
180 40.7 
240 ines 
TABLE IV 


EPPECTSORSTARGET POSTTEOGNPON FIQGENG SUCCESS 


o1 





ee 





Sl 3) Be SET 3 oy el ae 














POSITION 2/R 70/0 70/0 70/0 
VELOCITY 2/R 160/0 140/140 160/160 
TRN. PIS 2% 0/240 0/240 40/240 
mo AnISTiC 7 
1 83.3 70 Tens By (0 
2 43.3 100.0 100.0 Heke 
3 60.0 88 .0 88 .0 82.0 
4 84.0 68.7 he 68.7 
5 74.0 Sg 55.0 47.7 
6 ores ee: Tse) 7 ies 
POSITION 2/R IDO bien 70/0 70/0 70/0 
VELOCITY 2/R| 160/160 170/170 180/180 200/200 
TRN. PTS 2. | 40/240 0/240 0/240 07240 
MATT S TIC 
1 75.0 ag Wy 3 [oe 
2 88.7 100.0 100.0 100.0 
3 80.0 88 .0 88.0 88.0 
4 78.7 Moe 72.0 ER 
5 S50 54.3 56.7 aa 
6 81.3 ee 74.7 Te8 
SET 9 SET 10 SET 11 SET 12. | 
POSITION 2/R|_ 0/0 aa 
MeEROCLTY 2/R} _160/0 -160/0 -180/-180 -170/-170 





ee mee rE ee oe ee Oe: 


TRN. PTS 2 | 0/240 0/240 0/240 
STATISTIC : 
J 1955 oi bigs 1S 
2 47.7 oY Bs) 100.0 
3 6120 blo 88.0 
4, 84.7 88.3 1520 
5 70.0 69.0 Dees 
6 86.0 oe) 80.0 
* Turning points for the reference aircraft fixed at X = 0 and 
X = 240 


TABLE V 


EACLE Seber Oteeer Ad Tye Ss ATrSPics 
USED FOR PARAMETER OPTIMIZATION 


See 





(a) ORIGINAL AND SCALED PARAMETERS 















AP CPZ 
PARAMETER 
ORIGINAL 








RADIUS 





We oOo 2 







VELOCLTY 


PNITIAL POSITION 


0/168 


PARAMETER ORIGINAL SCALED 


TURNING POINTS 


DISTANCE TO 
: Zoiez 
BORDER ei 
TARGET COORDS X = 120.0 84 .0 
Y = 180.0 1267.0 
ALR TIME 300 300 





Seeecalinge factor of 0.7 


(b) STATISTICAL DATA COMPARED BEFORE AND AFTER SCALING 


PERCENTAGE OF TIME ORIGINAL SCALED 
1. F.O.V. INTERSECT APERATURE GREATER 
TAIN 72 60515 Cia eee 7520 7520 
2. COMMON AREA GREATER THAN 30.0 PCT. 

Oo omeweeH AREA —-===---- [So ---=- ee 100.0 100.0 
Meet OF SEARCH AREA COVERED —-------—--—-—---—-.—— 86.0 86.0 
PERCENTAGE OF TIME 

PCR CEMmIN RANGE OF GulO pigiC = ees S22 Se 19.7 19.7 

wee 6LWO A/C APERATURE GREATER THAN 20 DEG. ——-—---— 100.6 100.0 

3. VIEW OF TARGET WITHIN 5.0 MIN. OF TWO A/C --- 26.3 26.3 
Pe Rise ry. 


LoowitLi OF SCALING 





| 





TABLE VII 


INPUT PARAMETERS 


DB average distance to border from aircrait® trae. 
ee TE). altitude of aircrait one (antewer numer) 
Bie? altitude of aircraft two (integer number) 

Mt eER altitude of aircraft three* (integer number) 
TANG SeIerot lea mape nature a are = Canoe Gamoce 


TANGX Steptoe wet tec Pal alicwer | Sane mnodc 


INCR time increment in minutes (real number) 

INM Statistical time parameter - target mode (real number) 
POs | iat ialepostelon Of aircraft one 

EOS 2 imi tlal poesttien Of agircrart two 

POOR imitial position of airemaft three 

PSA Statisticai area parameter - search mode 

Rl radius of the circle of observation for aircratt sone 
R2 radius of the circle of observation for alrcraget to 
RR RadnMws Or they Circle ot observae1on. £Or aller pew c mime 
TIME POC etme. timer Ol track 

TM1 HOuest Valieé turgnine point ton aircrare one 

TM2 lowest value LUEiIne- point Om altenatt two 

TMR Pome Se Vc Meret oe toOmnine Ola Ibee hati ae iiece 

eP 1 PICheste yale Eur hic DOI t ron emer att one 

ie 2 hignest Value Cuining port for airerate two 

AEP beghest Values cuntimnes point son pera rs clinec 


*Aircraft three has been designated the reference (R) aircraft. 
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vel) velocity of airciwait. one 


el Z velocity of alnem2t tate 

WeLR VELOGIty Of S637 Cir tees 

PoP | x coordinate of target as seen by aircraft one 
RP 2 x coordinate of target as seen by aircraft two 
RPS PEGOOnRdiMnla lemon tCaneet as Scen by aiveratt three 
YP1 y coodinate of target as seen by aircraft one 
YOR VYrCoOoraginate wl target as Seem by alreGatt two 
YP3 y coordinate of target as seen by aircraft three 


Se 





IX 
NERR 


TALL 


TABLE VIII 


CONTROL WORDS 


Input IX=1 into®namelist 6 exit from program. 
Input NERR=1 into namelist to enable individual 
asSienment ome XP). meee, XPS, YP1, YP2Z, YP3 values. 
If not speeriveamweRR=-0 and XPS=XP2+XPi and 
YP3=YP2=YP I 

Input IALL=Ieinto Mamelist to print all M data sets 


when FNS 11 is depressed (50 sets are normally out- 


Pie) 
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Parameter 


HITE_ 


INCR 


LANG 


TANGX 


INM 


TABLE IX 


INPUT LIMITATIONS 


Must be @eess than: 
ODA OCR ent 

ligeO 00 mi Tithe s 

180 degrees 

180 degrees 

1,000 minutes 
1,000 miles 

LOGO percent 
ooo males 

1,000 miles 

1,000 miles 

1,000 minutes 
iaOO0) Nlies per sour 
1,000 miles 


iGO sia les 


Sy 





AP(I,1) 
AP (I, 2) 
AP (1,3) 
Bor(1,1) 
Ber (1,2) 
DST (1,3) 
M 
TRNPTM 


BENP TP 


TADIEETSX 


FREQUENTLY USED PROGRAM VARIABLES 


aperature between aircraft one and two 
aperature betWeen olienattwOonc snc unre 
aperature between aircraft two and three* 
distance to target from aircraft one 
diSiemeomsLO stamcect [ron aircratt two 
distance to target from aircraft three 

time divided by INCR 

lowest sVvalue Ciurmine pont ON aiferart track. 


FanCeccimamiue EMnRIne pOInt Of alread eo tmaern 
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APPENDIX C 


a) PROBLEM RIGURES 


SS = 


XMTR 


BORDER 





PERMISSIBLE AIRCRAFT TRACK 





b) MODEL FOR A/C COVERAGE 


Rl 


oe 6 © 6 «8 6 6 6 6 ¢ ¢ 


LINEARIZED 1 Sa DSSS Stage scars sea ches ses lu don Reece Rc 
BORDER So eee ehaoes toast esos er a sveD Seber RSE RSCUEH a CERI 


oot eo @e ee 





TRACK 


4 

A 
yess 2 
Res ~ 

a 


TAGE 


PROBLEM AND COVERAGE MODEL 


js) 





D1,DZ....distance to tazcen 


Oe ac. aperature 

4 : 
| 
| 
| 
| 
| 
| 

D2 | D1 
| 
| 
LOB LOB 


| 
| 
| 
| 






Gane 2 


Re oR UNE Deo lane 10° TARGET MOVER 
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Py 


Gy - a 


TARGET 
XMTR 
z 
ae Pero & 
4a Pe 
R = Maximum intercept distance 
Pe = Transmitter power 
G,. = Antenna gain at transmitter 
L.. = Free space loss (L,,, = Wane 
Se aaa moo ee 
Gp = Antenna gain at recciver 
Pr = Power receiver 
X = Factor composed of contributing losses 


a) Environmental losses (weather, terrain...) 
b) Antenna polarization loss 

c) Internal system attenuation 

d) Other variant losses 


PUGGRE 3 
LINK MODEL 
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a) Horizontal Plane b) Frontal Plane 





c) Side Plane 


FIGURE 4 


ANTENNA PATTERNS 
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TEST 





TEST 






FOR TWO 


DATA >| INCLUSIVE FIELDS 
INPUT 


FOR THREE 
INCLUSIVE FIELDS 
OF VIEW 






OF VIEW 








TEST 
CORRECTION ee. CALCULATION 
OF X AND Y 
FOR BORDER : OVERLAPPING FIELDS }¢—4 co-oRDS OF 
OF VIEW CIRCLE INTERCEPTS 
CORRECTION CALCULATION OF 
CALCULATION 
AREA >| CALCULATION OF 42. DISTANCE TO TARGET 
AREA SEGMENTS . STATISTICAL DATA 
PRINTOUT 
1. PRINT INITIAL CONDITIONS 1. STATISTICAL DATA 
2. PRINT STATISTICAL DATA 2. AREA vs TIME 
3. PRINT TIME vs AREA, 3. APERATURE vs TIME (2-R) 
POSITION, APERATURE AND | 4 4. POSSIBILITY OF TWO 
TARGET DISTANCE : PLANE FIX 
4. GRAPH vs TIME 5. PARAMETER LIST 
a) AREA 6. NAMELIST INPUT 
b) APERATURE 7. OPERATOR AIDS 
c) POSSIBILITY OF FIX 
FIGURE 5 


SECTIONAL PROGRAM FLOWCHART 
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q TWO Ay C 
COMMON 
AREA 








(d) 
Bg os 
1 9 s 
FIGURE 6 


REPRESENTATIVE COMMON FIELD-OF-VIEW SITUATIONS 
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(a) FIELD OF VIEW INTERSECT APERATURE 


Yr midpoint 


+ 


VA 


(b) COMMON AREA COVERED IN SEARCH AREA 


---—- search area boundry 
>= iDoidesr 





(c) TWO A/C COVERAGE OF SEARCH AREA 
- see area checkoff points 
along border 





— —e— eee 


- 


EGINE 7 


Oli Pe MeeMODE eRe eorARCH MODs CPERAELON 


os 






i Ve oa ge |e 6F10.2 








XP] XP2 XP3 YP1..YP2..YP3 
1 ll aA Sik oes 3F10.2,2(13,7x) 
DB PSA INM . LANGX. . LANG 
1 il F10.2,14 
INCR TIME 
1 a Di: cular 6F10.2 
TP1 T™2 TP2..TMR..TPR 


Sr Ors 


Sib 4G) 






Bove 1 Hives 2 HITER 





IL ipl Zi SEO 


DATA DECK 


FIGURE 6 


DAA VECKSTORSESRST RUN INTTTALTZATION 
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STATISTICAL DATA # 


Skee lod 








OPTION 
1 2 3 
FNS {13 FNS {14 FNS} 15 
A APERATURE FILX 
Ve 7 44 





GRAPH DISPLAY 


Xs OPTION 
1 2 3 
FNS 4 FNS | 12 FNS \l 
CURSOR PR Nere RK INPUT 
PON, 
OPTION | OPTION 
1. 2 3 1 
FNS {7 8 ? 
FORWARD OFF | INPUT ABORT 
BACK 
FIGURE 9 


PCy Sorel OF GRAPHICS UISPLAY CONTROL FUNCTIONS 
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STATISTICAL DATA 


SEARCH MODE 


PERCENT OF TIME 


1. F.O.V. INTERSECT APERATURE GREATER THAN DEG. «- 


2. COMMON AREA GREATER THAN . PCT. Of SEARCH AREA . 


Pe Oe OM) sorb, COVERED sinc clsivissic soe se 6» sures © oles ee 6 516 


TARGET MODE 


PERCENT OF TIME 


lee TARGET IN RANGE OF TWO A/C CA A) 89 EP td A Et e®*eeees?8 8 

2. TWO A/C APERATURE GREATER THAN DEG tan coe 

3. VIEW OF TARGET WITHIN MIN. OF TWO ACC ......... 
FIGURE 10 


SPALISTICAL DATA PAGE 
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OPTIONS: L.AREA DISPLAY. .FNS 123 
2 APERATURE(2-R)..FNS 14 
3 POSSIBILITY OF FIX..FNS 15 


FNS 10 WILL RETURN PROGRAM TO THIS LIST 


Feud ule; abs 


GRAbne oe eeCTION= bis) PAGE 








TIME 
HITEL= OQ HITE2= 24500 HITER= 24500 DB= 40.0 

Rl= .0 R2=190.2 RR=190.2 TRNPIM= .0 TRNPTP= 240.0 
POS1= .0 POS2= 240.0 POSR= .0 TIMP= 300 





= -0 VEL2=-165.0 VELR= .0 |OPTIONS: 1.CURSOR ON--FNS 3 


Zen PROP H=PNS 12 


3 .NAMEEIST INEUT=-FNS TEL 


PRGURE 12 


COMMON AREA GRAPH PAGE 


70 





HITEI= QO HITE2= 24500 HITER 24500 DB= 40.0 
Rl= -O R2=190.2 RR=190.2 TRNPIM= .O TRNPTP= 240.0 
POS1= -O POS2= 240.0 POSR= .O TIME= 300 





VEL1L= -O0 VEL2=-165.0 VELR= .0 | OPTIONS: 1.CURSOR ON--FNS 3 


2.PRINTER PLOT=-FNS 12 


3.NAMELIST INPUT--FNS 11 


FRGURE 13 


APERATURE GRAPH PAGE 
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ie. Yeo (L) NOOO 


TIME 


HITE]= Q HITE2=24500 HITER= 24500 DB= 40.0 
RL= -O R2=+190.2 RR=190.2 TRNPIM= .O TRNPTP= 240.0 


POS1= ~0 POS2= 240.0 POSR= 0 TIME= 300 





= ~O VEL2Z=-165.0 VELR= .0 ;OPTIONS: 1.CURSOR ON--FNS 3 


2 ERNE PLOT—=BNe hz 


3,.NAMELIST INPUT--FNS 11 


FIGURE 14 


Peoot bli (yer ie GRA PAG 


ie 





CURRENT POS2 165.000 
CURRENT X AXIS VALUE 148.000 


AREA CURRENT Y AXIS VALUE ZO2 | Sl 





Ev\ 
TIME 
HITE1= QO HITE2= 24500 HITER= 24500 DB= 40.0 
Ri= 0 R2=190.2 RR=190.2 TRNPTIVE .O TRNPTP= 240.0 
POS1= ~O POS2= 240.0 POSR= .O ‘TIME= 300 
VELI= .O VEL2=-165.0 VELR= .0 | OPTIONS: 1.MOVE FORVWARD--FNS 7 







3.CURSOR OFF--FNS 4 


Pe GUiwer > 


COMMON AREA GRAPH WITH 'CURSOR ON! OPTION SELECTED 


eS 








TIME 


HITE1= QO HITE2= 24500 HITER= 24500 DB= 40.0 


Rl= oO R2=190.2 RR=190.2 TRNPIV= .O TRNPTP= 240.0 


POS1= ~0 POS2= 240.0 POSR= .O TIME= 300 





VEL1L= .0 VEL2=-165.0 VELR= .0 | OPTIONS: 1.INPUT PARAMETER--TIY 


NAMELIST INPUT 2. EXECUID—--TYPE: *C/R 


3.END PROGRAM--TYPE IX= 


Peo RE 6 


COMMON AREA GRAPH WITH 'NAMELIST INPUTt OPTION SELECTED 
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